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We observed violet/blue light emitted from cerium silicates which may be useful for silicon-based optoelectronics. The cerium silicate was produced during a rapid thermal annealing at high temperature (Ͼ1100°C) from the interface between silicon substrate and cerium oxide film. Detailed experiments including x-ray diffraction, high-resolution transmission electron microscope, and Auger depth profiling showed that the cerium silicate consists of Ce 4 Rare-earth materials have drawn a great deal of attention due to their inherent thermal stability in optical transition. Owing to this advantage, many of them have been utilized in laser and optical fiber applications ͑e.g., Nd-YAG laser, Erdoped optical fiber and a-Si, etc͒. In particular, the cerium atom has been utilized as a luminescence center that dominates the electroluminescence of the phosphor layer in electroluminescent displays. Recently, interest in cerium dioxide (CeO 2 ) has increased substantially due to its chemical stability and close lattice match with silicon. Therefore, CeO 2 would be potentially important for applications such as silicon-on-insulator structures, 1 stable capacitor devices for large-scale integration, 2 and as stable buffer layers for high temperature superconducting materials on silicon. 3 More recently, blue luminescence with moderate intensity from cerium oxide on silicon was reported with the luminescence attributed to Ce 6 O 11 . 4 However, our observations showed a strong violet/blue luminescence from cerium oxide films on silicon having an entirely different origin from the aforementioned letter. Our experiments employ high-resolution transmission electron microscopy ͑HR-TEM͒, x-ray diffraction ͑XRD͒, and Auger electron spectroscopy measurements to reveal the origin of the luminescence. Using such assessment methods, we could confirm that the luminescence originates from an assembly of cerium silicate phases such as Ce 4.667 ͑SiO 4 ͒ 3 O and Ce 2 Si 2 O 7 . Furthermore, the spectral position and full width at half maximum value of the photoluminescence ͑PL͒ signal can be tuned using a weighting factor adjustment of individual phases.
Cerium oxide films were prepared on p-type silicon ͑100͒ at room temperature by radio-frequency sputtering in a reactive gas mixture of 80% argon and 20% oxygen by using a conventional 4-in.-diam Ce target ͑99.99% purity͒. The working gas pressure for all deposition processes was kept at 3.0ϫ10 Ϫ3 Torr. Some of cerium oxide film samples were annealed in the temperature range of 800-1100°C in a nitrogen ambient for 5-10 min using rapid halogen lamp heating ͑RLH͒.
None of samples show luminescence by a He-Cd laser ͑50 mW͒ excitation at room temperature for annealing temperatures lower than 1100°C. By contrast, we observe very strong photoluminescence from the samples annealed at 1100°C. The result indicates an onset of structural change at 1100°C. The high intensity levels are, in fact, strong enough so that one can easily observe them in bright surrounding room conditions. As displayed in Fig. 1͑a͒ , the PL signal is centered at 388 nm having the spectral linewidth as narrow as 73 nm. A previous study 4 of thermally treated CeO 2 films has shown an emission at 400 nm. The emission was attributed to Ce 6 O 11 on the basis of the inherent thermal stability of Ce 6 O 11 . Although the spectral position and linewidth are similar in this letter, our emission is not due to Ce 6 O 11 . As shown in Fig. 1͑b͒ , the Auger depth profile shows the presence of a significant amount of Si in the film. The asymmetric profile of Si demonstrates that Si is diffused from Si substrate during the high temperature annealing. To clarify the role of Si in the film, several samples are prepared by intentional cosputtering of Si by employing small platelets along with the cerium target. As is the case of pure CeO x films, no noticeable PL is observed when they are annealed at temperatures lower than 1100°C. However, after the annealing at temperatures of 1100°C or higher, sharper PL centered at 358 nm with a shoulder at 388 nm is observed as displayed in Fig. 2͑a͒. Figure 2͑b͒ shows samples. However, as shown in Fig. 4͑a͒ , the peak is centered at 358 nm without any shoulder and its spectral width (ϳ32 nm) is the narrowest. As shown in Fig. 4͑b͒ 
